Abstract-The ultrasound velocity is measured in Ga-Pb melts from the monotectic temperature to 1100 K over the entire concentration range by a pulsed phase method. Anomalies are detected in the temperature dependences of the ultrasound velocity near the critical point. The boundary of the miscibility gap is deter mined from the results of acoustic measurements. The miscibility gap temperatures measured by the acoustic method agree well with the reported data.
INTRODUCTION
The signs of microsegregation of atoms of the same kind were detected in miscibility gap systems in the field of the single phase state of melts. The X ray dif fraction patterns of such melts can be represented as the superposition of the X ray diffraction patterns of the pure components [1] . Various anomalies (in par ticular, viscosity and electrical resistivity maxima [2] ) are visible in property isotherms at temperatures insig nificantly higher than the critical miscibility gap tem perature near the critical concentration. The appear ance of microsegregation in such systems is related to a preferred interaction of atoms of the same kind and can occur near the critical point by a fluctuation way.
However, the fluctuation scale should decrease rapidly with the distance from the critical point.
The purpose of this work is to measure the ultra sound velocity in Ga-Pb melts and to determine the miscibility gap boundary for them from these mea surements.
EXPERIMENTAL Ultrasound velocity υ s in Ga-Pb melts was mea sured by a pulsed phase method. It is based on direct measurements of wavelength λ and sound frequency f and the subsequent calculation of the sound velocity by the formula υ s = λf.
(1) Figure 1 shows the schematic diagram of the experimental setup. A G5 72 generator emits rectan gular 1 to 5 μs electric signals at a repetition fre quency of ~800 Hz, and they are filled with a high fre quency (f = 33.83 MHz) sinusoidal voltage pulses sup plied from a G4 151 generator. The pulse amplitude is smoothly controlled in the range 0-10 V. Pulses are supplied to the lower emitting piezoelectric elements of measuring and reference cells, which have the same design and are connected in parallel. The working cell is preliminarily filled with a metallic melt to be stud ied, and the reference cell is filled with distilled water.
After passing through the measuring and reference cells, acoustic pulses are directed to the upper receiv ing piezoelectric elements, where they are again con verted into electric pulses. Since the delay times of acoustic signals in both cells are chosen to be approx imately the same, the electric pulses at their output pass through a connecting circuit and interfere with each other. The result of this interference is enhanced in a selective detector and is visible on an oscilloscope display.
The upper waveguide of the measuring cell can move along its vertical axis, and the displacement is measured by a digital micrometer with a scale interval of 0.001 mm. In this case, a sequence of interference signal extrema, which are spaced sound wavelength λ apart, are visible on the oscilloscope display.
Therefore, the sound wavelength in the melt can be calculated by the formula λ = Δh/n,
where n is the number of the minima of the resulting oscillation detected on the oscilloscope display when the upper waveguide of the measuring cell travels dis tance Δh. Then, with allowance for Eqs. (1) and (2), the sound velocity in the melt under study is
This method of acoustic measurements is character ized by the possibility of measuring the local ultrasound velocity at various distances from the crucible bottom, which makes it possible to detect a macroscopic heter ogeneity of the melt in height (e.g., the separation of the melt into two liquid phases). The authors of [3, 4] showed that the position of the boundary between two liquids can be determined from both an ultrasound velocity jump and a sharp decrease in the amplitude of an ultrasonic signal passing through a melt. The accu racy of determining this boundary from the ultrasonic signal amplitude is an order of magnitude higher than the accuracy of determining this boundary from the ultrasound velocity [4] . The miscibility gap temperature can be determined from the appearance or disappear ance of the boundary between two liquids upon cooling or heating of a sample. Another method of determining a miscibility gap is based on measuring the ultrasound velocity in one and two phase fields. We measured the temperature dependences of the ultrasound velocity in a one phase field for alloys of various compositions and then con structed their concentration dependences. In a two phase field, we measured temperature-concentration dependence υ s (T, x) along a miscibility gap. The points of intersection of measured ultrasound velocity isotherms with curve υ s (T, x) determine the coordi nates of the miscibility gap for a certain temperature.
The authors of [5, 6] proposed a very sensitive and simple method of static loading to find solidus, mono tectic, and eutectic points. This method can be exe cuted using the equipment for measuring the ultra sound velocity by the pulsed phase method. The tem perature dependence of the size of the solid part of a sample h (i.e., the distance between the waveguides strongly pressed against this part) was determined in heating at a rate of 0.5-1 K/h. When a liquid phase appears at a small load applied to the upper waveguide, h decreases sharply and the phase transition tempera ture can be detected accurate to 0.5 K. The tempera ture of the end of sample melting can be determined from the appearance of an acoustic signal [4] .
The carrier frequency of acoustic vibrations (f = 33.83 MHz) was measured by an electronic frequency meter at an absolute error of ±50 Hz, which is about ±2 × 10 -4 % in relative units. Therefore, the error of measuring the sound wave length mainly contributes to the error of determining the ultrasound velocity. To increase the experimental accuracy, we have to increase acoustic base Δh of these measurements.
The samples were alloyed in a quartz measuring cell from gallium of 99.999 wt % purity and lead of 99.99 wt % purity. The ultrasound velocity was mea sured in a high purity helium atmosphere upon cooling from 1100 K to the monotectic temperature. Every experimental point was obtained after isothermal hold ing of a sample for 30 min at a temperature maintained accurate to ±0.5 K. The ultrasound velocity corre sponding to this temperature was averaged over 10-20 measurements at an acoustic base Δh = 3-4 mm. The random error in determining the average value did not exceed 0.3% at a systematic error of about 0.03%.
RESULTS AND DISCUSSION
We measured ultrasound velocity υ s as a function of temperature for pure gallium, lead, and their alloys containing 10, 20, 30, 35, 38, 40, 44, 50, 60, 70, 80, and 90 at % Ga. (6) and (11) piezoelectric elements, (7) and (10) waveguides, (8) container with a sample, (9) container with a reference liquid, (12) digital micrometer, (13) selective amplifier, and (14) digital oscilloscope. Figure 2 shows the temperature dependences of υ s in liquid gallium-lead alloys. The ultrasound velocity increases linearly with decreasing temperature down to miscibility gap T mg for all compositions under study except for the melts containing 35, 38, and 40 at % Pb, where υ s deviates from a linear run below 910 K. This anomaly is related to the preferred interaction of atoms of the same kind near the critical point. Table 1 gives the coefficients in the equation
obtained by the least squares method. Below T mg , the υ s (T) curve splits into two curves: the lower branch describes the ultrasound velocity in a lead rich phase and the upper branch, in a gal
lium rich phase . When the temperature decreases further, the ultrasound velocity in the two phase field changes along the and curves down to the monotectic temperature. The and curves limit the area of existence of two liquids in the υ s -T diagram. The temperature at which these curve merge is the critical temperature.
The deviation of our values of υ s from the data in [7] obtained at a frequency of 5 MHz does not exceed 0.6% over the entire temperature and concentration ranges. The exception is the melt with 40 at % Pb, in which no anomalies in the υ s (T) curve near T mg was observed in [7] . Figure 3 shows the concentration dependences of ultrasound velocity υ s and its temperature coefficient for Ga-Pb melts at 900 and 1100 K. The ultrasound velocity isotherms do not exhibit specific features, and the concentration dependences of the temperature coefficient of υ s below 910 K has a deep minimum near 40 at % Pb. This minimum is related to the anom aly of the temperature dependence of υ s near the crit ical point (Fig. 2) . The depth of the minimum grows when the critical temperature T cr is approached.
The data on miscibility gap boundary T mg (x) obtained in this work are presented in Fig. 4 and Tables 2 and 3. The miscibility gap temperatures were measured by the two methods described above. Using these methods, we determined miscibility gap bound ary T mg (x), which is indicated by the solid line in Fig. 4 . Figure 4 also shows the data from [7] [8] [9] [10] [11] [12] [13] and review [14] . The miscibility gap temperatures deter mined in this work agree well with the results in [7, [9] [10] [11] 14] and are substantially lower than the data obtained in [12, 13] in the region with a high lead con tent. The results from [8] for gallium rich melts are lower than the other data presented in Fig. 4 . Monotectic temperature T m was determined by the static loading (SL) method and from the appearance of an acoustic signal after melting a sample. At a rela tively low heating rate (0.5-1 K/h), these methods give similar phase transition temperatures. In the SL method, the heating rate weakly affects the measure ment results, whereas the second method gives higher values of T m at heating rates of 1 K/h or higher. There fore, the monotectic temperature in most samples of various compositions was determined by SL method. [7] , (᭡) [8] , () [9] , (᭛) [10] , (+) [11] , (*) [12] , (X) [13] , and ( ) [14] . Figure 5 shows the temperature dependences of the coordinate of the boundary between liquid phases h boun for eight compositions. This boundary for the melts containing 20-40 at % Pb lies in the lower half of the melt (h boun < 0.5). As the temperature increases, it shifts downward and disappears near the crucible bottom at T mg . In contrast, in the melts with 41.25, 50, and 60 at % Pb, the interphase boundary is located in the upper half of the melt and shifts toward the upper level of the melt (h boun → 1) as the temperature increases.
To analyze these data, we express coordinate h boun as a function of temperature and composition, (5) where x α and V α are the lead concentration and the molar volume of phase α (symbol α belongs to the gal lium rich (superscript ') or the lead rich (superscript '') phase). The number of moles N' and N'' in the coex isting phases were determined from the lever rule. As follows from Eq. (5), condition h boun = 0 is always met for compositions x < x cr along the miscibility gap curve (x = x'). In contrast, if x > x cr , we have h boun = 1 along the miscibility gap curve (x = x").
To determine the critical composition accurately, we express the temperature derivative of h boun along the miscibility gap curve from Eq. (5), (6) It follows from these equations that the concentration dependences of (∂h boun /∂T)' and (∂h boun /∂T)" become -∞ and +∞, respectively, at the critical point. In con trast to (∂h boun /∂T), the concentration dependence of (∂h boun /∂T) -1 is continuous and zero at the critical point. Therefore, this function can be used to determine the critical point. Figure 6 shows the concentration dependence of (∂h boun /∂T) -1 for a Ga-Pb melt near the critical concentration. The critical concentration found from this dependence (x cr = 40.8 ± 0.1 at % Pb) coin cides with the value (41.9 ± 1.0 at % Pb [10] ) obtained by the rectilinear diameter rule. Note that the accu racy of determining x cr by this method is an order of magnitude higher than that of the rectilinear diameter rule.
Thus, the position of the miscibility gap deter mined in this work agrees well with the most reliable data obtained in other works. The proposed method of studying the temperature dependence of the vertical coordinate of the interphase boundary allowed us to CONCLUSIONS Using a pulsed phase method, we measured the temperature dependences of the ultrasound velocity in gallium, lead, and their alloys containing 10, 20, 30, 35, 38, 40, 44, 50, 60, 70, 80, and 90 at % Ga. Anom alies were detected in the temperature dependences of the ultrasound velocity near the critical point. These anomalies are related to the preferred interaction of atoms of the same kind near the critical point and are most pronounced in the concentration dependence of the temperature coefficient of the ultrasound velocity. Below 910 K this dependence has a deep minimum near the critical composition. The depth of this mini mum grows when the critical temperature is approached. The miscibility gap boundary determined by the acoustic method agrees well with the reported data. 
